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TITLE:  An Objec t -or ien ted   Sof tware   Archi tec ture   for   P lane tary  
Dexterous  Manipulators 

P lane tary   rover   sof tware   t ends   to  become very complex  due t o   t h e  
rovers '  complex  hardware a r c h i t e c t u r e ,  numerous s c i e n t i f i c  
instruments ,   and  the  requirements   for  real-time determinism  and 
e f f i c i e n c y .  We developed  an  extendible  object-oriented  system 
decomposi t ion  and  archi tecture   to  manage th i s   complexi ty   and   to  
provide a powerful ,   robust   yet   easy set of t oo l s   fo r   deve lope r s  of 
h ighe r   l eve l   app l i ca t ions .  We have  implemented a ve r s ion  of t h i s  
o b j e c t - o r i e n t e d   a r c h i t e c t u r e  on t h e  Mars prototype  rover ,  Rocky 7 ,   t o  
a s s i s t   u s   i n  implementing  autonomous  manipulation  on  the  rover.  This 
a r c h i t e c t u r e  i s  being  adapted  for   the  next   generat ion Mars rover  
prototype.  

Object-or iented  design  provides  a powerful  tool  for  developing a 
system  archi tecture   that   can  be  used on a wide  range of p l ane ta ry  
rovers  with  varying  hardware  components. We have  developed a f l e x i b l e  
f ive- layer   object-or iented  system  decomposi t ion.  A t  the   lowes t   l eve l  
i s  the  hardware  dependent  device  driver  layer,   which  describes  system 
components  such a s   d i g i t a l  and  analog 1/0 boards,  cameras, 
framegrabbers,  and  motors. The second  layer is a hardware  abstract ion 
layer   that   provides   an  object-or iented  hardware  independent   interface 
t o   t h e   d e v i c e   d r i v e r   l a y e r .  The t h i r d   l a y e r  implements  the  basic 
independent  subsystem  operations  such  as  arm, m a s t ,  veh ic le ,   and   o ther  
instruments .   Sub-systems  can  be  tes ted  independent ly   using  this  
l a y e r .  The in t e l l i gen t   behav io r   l aye r   i n t eg ra t e s   and   coord ina te s   t he  
different   subsystems  using a component  framework that  implements  data 
flow  components  and f in i t e - s t a t e   mach ines .  Such behaviors  include 
vehic le   obs tac le   avoidance   for   naviga t ion ,   sensor -based   manipula t ion ,  
and so on .   F ina l ly ,   t he   h ighes t   l eve l  i s  t h e  autonomous opera t ions  
l a y e r ,  where  complete  operations  such as long-range  path  planning  and 
navigation,  sample  acquistion of a spec i f i ed   t a rge t ,   i n s t rumen t  
placement  on a t a r g e t   s e v e r a l  meters away can  be  executed. 

C r i t e r i a   s u c h   a s   c o d e   r e u s a b i l i t y ,   e x t e n d i b i l i t y ,  and 
po r t ab i l i t y   p l ayed  a key   ro l e   i n   t he   des ign .  
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